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(57) ABSTRACT 

The present invention provides a semiconductor substrate, 
Which comprises a singlecrystalline Si substrate Which 
includes an active layer having a channel region, a source 
region, and a drain region, the singlecrystalline Si substrate 
including at least a part of a device structure not containing 
a Well-structure or a channel stop region; a gate insulating 
?lm formed on the singlecrystalline Si substrate; a gate 
electrode formed on the gate insulating ?lm; a LOCOS 
oxide ?lm Whose thickness is more than a thickness of the 
gate insulating ?lm, the LOCOS oxide ?lm being formed on 
the singlecrystalline Si substrate by surrounding the active 
layer; and an insulating ?lm formed over the gate electrode 
and the LOCOS oxide ?lm. On this account, on fabricating 
the semiconductor device having a high-performance inte 
gration system by forming the non-singlecrystalline Si semi 
conductor element and the singlecrystalline Si semiconduc 
tor element on the large insulating substrate, the process for 
making the singlecrystalline Si is simpli?ed. Further, the 
foregoing arrangement provides a semiconductor substrate 
and a fabrication method thereof, Which ensures device 
isolation of the minute singlecrystalline Si semiconductor 
element Without highly-accurate photolithography, When the 
singlecrystalline Si semiconductor element is transferred 
onto the large insulating substrate. 
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FIG. _1 
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FIG. 4 (a) 
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FIG. 5 (a) 
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SEMICONDUCTOR SUBSTRATE, 
SEMICONDUCTOR DEVICE, AND 

MANUFACTURING METHODS FOR THEM 

[0001] This Nonprovisional application claims priority 
under 35 U.S.C. § 119(a) on Patent Application No. 2004/ 
93694 ?led in Japan on Mar. 26, 2004, the entire contents of 
Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
substrate and a semiconductor device used for an active 
matrix liquid crystal display device that is driven by TFTs 
(Thin Film transistor), such as a high-functional liquid 
crystal display device, an OLED (Organic Light Emitting 
Diode: Organic EL) display device or the like, in Which the 
peripheral circuits, the control circuit, the MPU (Micro 
Processing Unit), and/or the image processing circuit are all 
integrated into a single substrate. The present invention also 
provides fabrication method for the semiconductor sub 
strate/device. 

[0003] The present invention particularly relates to a sys 
tem-on-panel technology that offers great improvement of 
circuit performance With the use of singlecrystalline thin 
?lm device, the fabrication method thereof, a device struc 
ture for making the semiconductor device using the tech 
nology, and a fabrication method for realiZing coexistence of 
a singlecrystalline device and a non-singlecrystalline device, 
a polycrystalline Si in particular. 

[0004] Further, the present invention enables formation of 
tWo types of semiconductor device With different character 
istics, alloWing efficient use of respective bene?ts of those 
devices, thereby the resulting product is applicable not only 
to a display device but also to other various purposes. The 
present invention is particularly applicable to a semiconduc 
tor substrate and a semiconductor device used for an active 
matrix liquid crystal display device driven by TFTs (Thin 
Film transistor), such as a high-functional liquid crystal 
display device or an OLED (Organic Light Emitting Diode: 
Organic EL) display device, in Which the peripheral circuits, 
the control circuit, or the MPU (Micro Processing Unit), 
and/or the image processing circuit are all integrated into a 
single substrate. 

BACKGROUND OF THE INVENTION 

[0005] A display device driven by so-called an active 
matrix manner has come into practical use, and the produc 
tion amount is increasing. To carry out the active matrix 
driving, a liquid crystal display panel or an organic EL panel 
is driven With a Thin Film Transistor (hereinafter referred to 
as a TFT), Which is made of an amorphous Si (hereinafter 
referred to as an a-Si) or a polycrystalline Si (hereinafter 
referred to as a Poly-Si), and is formed on the glass substrate 
as a sWitching element of the pixel. 

[0006] Particularly, With the use of Poly-Si Which has high 
carrier mobility and alloWs high-speed operation, recent 
technologies have succeeded to integrate even the peripheral 
drivers etc. onto a glass substrate. Such a structure has been 
manufactured as a product. 

[0007] HoWever, in such a display device, like a liquid 
crystal display device or an OLED (Organic Light Emitting 
Diode: organic EL) using a large glass substrate, there is 
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some problems in using a driver IC including a transistor 
made of a non-singlecrystalline Si, particularly a poly-Si, 
because of the variation in characteristics due to the par 
ticular crystal grain boundaries of poly-Si and poor quality 
of gate insulating ?lm, thereby disabling the transistor to be 
adopted for integration of a complex system. In this vieW, 
and also considering display quality (uniformity), a device 
With higher performance and less characteristic variation is 
required. 
[0008] Particularly, When a highly-integrated semiconduc 
tor device is directly mounted to a display substrate, or on 
systematiZation thereof, there are dif?culties to ensure high 
speed performance and high integration density because of 
insufficiencies in driving speed, micro fabrication, and 
device performance (mobility, control of the threshold, 
sharpness of transmission characteristic). The foregoing 
structure is therefore insuf?cient in device performance and 
integration density to realiZe a desired system integration in 
a driving system used for an image processor or a timing 
controller, Which requires a superior-performance. 

[0009] Accordingly, there is a serious dif?culty in fabri 
cation of pixel TFTs and a high-performance/high-density 
driver for driving the pixel TFTs directly onto a large display 
substrate, of a glass or the like. 

[0010] To overcome this problem, there is a technology of 
mounting (assembling) a singlecrystalline Si driver LSI 
(Large Scale Integrated circuit) using a COG (Chip On 
Glass), in Which an LSI, formed from a singlecrystalline Si, 
is assembled onto a display substrate through, for example, 
?ip-chip bonding With an anisotropic conductive ?lm etc. 

[0011] Since a general LSI includes MOS (Metal Oxide 
Semiconductor) transistors formed from bulk singlecrystal 
line Si, the individual transistor needs to be driven separately 
to ensure adequate operation. Therefore, to separate the 
transistors into individual pieces (device isolation), or to 
prevent latch-up by a parasitic bipolar transistor, ion implan 
tation, such as channel stop implantation section 101 or 
multiple Well 102, is performed as shoWn in FIG. 13. 
HoWever, the trend of miniaturiZation of transistor arises a 
neW problem regarding the area for device isolation. Thus, 
to reduce the area for device isolation, retrograde Well 
(reverse-impurity concentration gradient-Well) structure or 
the like has been introduced; hoWever, this structure requires 
ion implantation many times and makes the process com 
plicated, thus causing a cost rise and a decrease in yield. 
Further, requirement of processes for forming bumps etc. 
increases time for fabrication, thereby decreasing the yield. 

[0012] Further, in manufacturing a liquid crystal display 
device or an OLED display device, there are some restric 
tions, for example, the driver IC needs to be assembled onto 
a completed panel. This arises various problems, such as 
less-?exible and complicated manufacturing, loW ef?ciency 
in distribution and manufacturing, and a cost rise Which 
causes a decrease in yield. 

[0013] This problem can be solved by device transfer. In 
the device transfer, a device made of a singlecrystalline Si is 
formed on a bulk Si substrate, and is bonded to a glass 
substrate to create a display panel, and the insulator is then 
separated from the device layer through some kind of 
exfoliation. Note that, this structure in Which a device of a 
singlecrystalline Si is formed on an insulator is called a SOI 

(Silicon On Insulator). 
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[0014] A possible method of performing the device trans 
fer is removing an oxide ?lm under the singlecrystalline Si 
from the SOI structure by etching so as to create a thin ?lm 
device (Kopin Co. Ltd.) This method are described in detail, 
for example in Japanese Laid-Open Patent Application 
Tokuhyohei 07-503557 (published on Apr. 13, 1995), and 
the folloWing Documents 1 and 2. 

[0015] Document 1: J. P. Salerno “Single Crystal Sili 
con AMLCDs”, Conference Record of the 1994 Inter 
national Display Research Conference (IDRC) p. 
39440994) 

[0016] Document 2: Q.-Y. Tong & U. Gesele, SEMI 
CONDUCTOR WAFER BONDING: SCIENCE AND 
TECHNOLOGY_, John Wiley & Sons, NeW York 
(1999) 

[0017] Tokuhyohei 07-503557 discloses a method of 
manufacturing a display panel for an active matrix-type 
liquid crystal display device, using a semiconductor device 
on Which a singlecrystalline Si thin ?lm transistor is trans 
ferred, the transfer is formed on a glass substrate in advance 
With an adhesive. 

[0018] Further, other prior arts of the present invention can 
be found in Japanese Laid-Open Patent Application Toku 
kaihei 10-125880 (published on May 15, 1998), and the 
folloWing Documents 3 and 4. 

[0019] Document 3: K. Warner, et. al., 2002 IEEE 
International SOI Conference: October, pp. 
123-125(2002) 

[0020] Document 4: L. P. Allen, et. al., 2002 IEEE 
International SOI Conference: October, pp. 
192-193(2002) 

[0021] Tokukaihei 10-125880 discloses a method of ?rst 
creating level differences in the singlecrystalline Si, forming 
a small polishing stopper Whose polishing rate is smaller 
than the singlecrystalline Si, then transferring the Si onto 
another Si substrate, and polishing the divided surface. By 
thus forming the stopper in a concave section of the step and 
using the difference in polishing speed, this method makes 
an island-shaped singlecrystalline Si thin ?lm. 

[0022] HoWever, the conventional semiconductor sub 
strates, and semiconductor devices, and fabrication methods 
for those have the folloWing disadvantages. 

[0023] First, in a SOI structure, since the devices are 
formed on a silicon Wafer, the total siZe of all devices to be 
provided thereon needs to fall Within the silicon (Si) Wafer. 
The siZe of silicon (Si) Wafer is limited, and may be smaller 
than a large glass substrate in some cases. 

[0024] Further, since a singlecrystalline Si device formed 
on the silicon (Si) Wafer is bonded onto a glass substrate 
With an adhesive of, for example, an epoxy resin, there are 
certain dif?culties to additionally performing a defect recov 
ery thermal process (Annealing process), an inter-layer 
insulating ?lm forming process, or a metal-Wiring forming 
process after the bonding. Therefore, there is a serious 
dif?culty in connecting betWeen the device formed in 
advance on a large glass substrate, and a singlecrystalline Si 
device transferred onto the glass substrate through mutual 
Wiring. 
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[0025] Further, this method is more complicated as it ?rst 
forms an operation region on a solid phase epitaxial ?lm, 
Which is a singlecrystalline layer of a thin ?lm groWn on a 
silicon dioxide (SiO2), to make a singlecrystalline Si device, 
and then the silicon dioxide (SiO2) is divided by etching. 
Therefore, this method suffers from a decrease in yield 
(transfer process, division/retention of thin ?lm, epitaxial 
groWth). 

SUMMARY OF THE INVENTION 

[0026] An object of the present invention is to provide a 
semiconductor substrate and a semiconductor device for 
realiZing a semiconductor device having a high-performance 
integrated system in Which a non-singlecrystalline Si semi 
conductor element and a singlecrystalline Si semiconductor 
element are formed on a large insulating substrate. The 
semiconductor substrate/device of the present invention uses 
a simple method for forming the singlecrystalline Si portion, 
and ensures device isolation of a minute singlecrystalline Si 
semiconductor element Without highly-accurate photoli 
thography, When the semiconductor substrate is transferred 
onto a large insulating substrate. The present invention also 
provides fabrication methods of the semiconductor sub 
strate/device. 

[0027] In order to solve the foregoing problems, the semi 
conductor substrate according to the present invention com 
prises: a singlecrystalline Si substrate Which includes an 
active layer having a channel region, a source region, and a 
drain region, the singlecrystalline Si substrate including at 
least a part of a device structure not containing a Well 
structure or a channel stop region; a gate insulating ?lm 
formed on the singlecrystalline Si substrate; a gate electrode 
formed on the gate insulating ?lm; a LOCOS oxide ?lm 
Whose thickness is more than a thickness of the gate insu 
lating ?lm, the LOCOS oxide ?lm being formed on the 
singlecrystalline Si substrate by surrounding the active 
layer; and an insulating ?lm formed over the gate electrode 
and the LOCOS oxide ?lm. 

[0028] Further, in order to solve the foregoing problems, 
a fabrication method of a semiconductor substrate according 
to the present invention comprises the steps of: forming 
a LOCOS oxide ?lm outside a device area of a singlecrys 
talline Si substrate; (ii) forming a gate insulating ?lm in the 
device area of the singlecrystalline Si substrate; (iii) selec 
tively implanting impurity into the device area of the single 
crystalline Si substrate so as to form a source region, a drain 
region and a channel region Which together constitute an 
active layer; (iv) forming an insulating ?lm With a ?at upper 
surface over the gate electrode, the gate insulating ?lm, and 
the LOCOS oxide ?lm; and (v) implanting through the 
insulating ?lm one or plural kinds of ion selected from a 
hydrogen ion group or an inactive element ion group so as 
to form an ion implantation layer With a predetermined 
depth in the singlecrystalline Si substrate. 

[0029] Further, in order to solve the foregoing problems, 
a fabrication method of a semiconductor substrate according 
to the present invention comprises the steps of: forming 
a LOCOS oxide ?lm outside a device area of a singlecrys 
talline Si substrate; (ii) forming a gate insulating ?lm in the 
device area of the singlecrystalline Si substrate; (iii) selec 
tively implanting impurity into the device area of the single 
crystalline Si substrate so as to form a source region, a drain 
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region and a channel region Which together constitute an 
active layer; (iv) forming a ?rst insulating ?lm With a ?at 
upper surface over the gate electrode, the gate insulating 
?lm, and the LOCOS oxide ?lm; (v) implanting through the 
?rst insulating ?lm one or plural kinds of ion selected from 
a hydrogen ion group or an inactive element ion group so as 
to form an ion implantation layer With a predetermined 
depth in the singlecrystalline Si substrate; (vi) forming at 
least one ?rst Wiring layer above the ?rst insulating ?lm; and 
(vii) forming a second insulating ?lm on the ?rst Wiring 
layer. 

[0030] In the semiconductor substrate according to the 
present invention, the semiconductor device, and the fabri 
cation methods of those according to the present embodi 
ment, there is provided an active layer having a channel 
region, a source region, and a drain region; and the single 
crystalline Si substrate includes at least a part of a device 
structure not containing a Well-structure or a channel stop 
region. 

[0031] With this arrangement using a singlecrystalline Si, 
the resulting semiconductor device is superior in perfor 
mance and less varied in characteristic. 

[0032] Further, in this structure not providing a conven 
tional Well, a channel stop, or a Well-contact, the area of the 
device area is reduced, alloWing more dense integration, 
thereby realiZing a highly-dense semiconductor substrate. 
Further, since the conventional Well is omitted, the device 
may be made thinner than the conventional structure using 
a Well. Thus, the semiconductor element can be made as a 
thin ?lm Which can coexist With the TFTs formed from other 
polycrystalline Si upon formation of the semiconductor 
device, alloWing conduction betWeen the semiconductor 
element and TFTs through common thin ?lm Wiring. Fur 
ther, since the element can be isolated by etching back the 
Si thin ?lm, Which is created as a result of the cleavage, it 
is possible to ensure the device isolation of the minute 
singlecrystalline Si device even on the insulating substrate 
25, such as a large glass substrate, Without highly-accurate 
photolithography. Further, since the Well is omitted, the 
fabrication process is simpli?ed. 

[0033] Further, in the present embodiment, the LOCOS 
oXide ?lm, thicker than the gate insulating ?lm, is formed by 
surrounding the active layer. This LOCOS oXide ?lm 
securely ensures the device isolation. 

[0034] On this account, on fabricating the semiconductor 
device having a high-performance integration system by 
forming the non-singlecrystalline Si semiconductor element 
and the singlecrystalline Si semiconductor element on the 
large insulating substrate, the process for making the single 
crystalline Si is simpli?ed. Further, the foregoing arrange 
ment provides a semiconductor substrate and a fabrication 
method thereof, Which ensures device isolation of the 
minute singlecrystalline Si semiconductor element Without 
highly-accurate photolithography, When the singlecrystal 
line Si semiconductor element is transferred onto the large 
insulating substrate. 

[0035] Further, in order to solve the foregoing problems, 
a semiconductor device according to the present invention 
includes an insulating substrate, and a singlecrystalline Si 
semiconductor element formed on the insulating substrate, 
the singlecrystalline Si semiconductor element comprising: 
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a gate electrode formed above the insulating substrate; a gate 
insulating ?lm formed on the gate electrode; an active layer, 
Which is formed on the gate insulating ?lm and is made of 
a singlecrystalline Si layer having a channel region, a source 
region, and a drain region; a LOCOS oXide ?lm formed 
around the active layer; and an interlayer insulating ?lm 
formed over the active layer and the LOCOS oXide ?lm. 

[0036] In the foregoing arrangement, the semiconductor 
device includes the insulating substrate, and a singlecrys 
talline Si semiconductor element formed on the insulating 
substrate. The semiconductor device is realiZed by, for 
eXample, a glass insulating substrate and a singlecrystalline 
Si semiconductor element combined together. 

[0037] Further, the singlecrystalline Si semiconductor ele 
ment comprises a gate electrode formed above the insulating 
substrate; a gate insulating ?lm formed on the gate elec 
trode; an active layer, Which is formed on the gate insulating 
?lm and is made of a singlecrystalline Si layer having a 
channel region, a source region, and a drain region; a 
LOCOS oXide ?lm formed around the active layer; and an 
interlayer insulating ?lm formed over the active layer and 
the LOCOS oXide ?lm. 

[0038] On this account, on fabricating the semiconductor 
device having a high-performance integration system by 
forming the non-singlecrystalline Si semiconductor element 
and the singlecrystalline Si semiconductor element on the 
large insulating substrate, the process for making the single 
crystalline Si is simpli?ed. Further, the foregoing arrange 
ment provides a semiconductor substrate and a fabrication 
method thereof, Which ensures device isolation of the 
minute singlecrystalline Si semiconductor element Without 
highly-accurate photolithography, When the singlecrystal 
line Si semiconductor element is transferred onto the large 
insulating substrate. 

[0039] Further, the semiconductor device according to the 
present invention includes a Wiring layer, Which is formed 
on the interlayer insulating ?lm and is connected to the 
source and drain regions via through holes formed in the 
interlayer insulating ?lm. 
[0040] Further, in order to solve the foregoing problems, 
a fabrication method of a semiconductor device according to 
the present invention comprises the steps of: (a) bonding a 
semiconductor substrate, Which Was fabricated by the manu 
facturing method of the semiconductor substrate according 
to the present invention, onto an insulating substrate; (b) 
dividing the singlecrystalline Si substrate at the ion implan 
tation layer by heat treatment so as to detach a part of the 
singlecrystalline Si substrate; (c) etching a part of single 
crystalline Si on the insulating substrate so as to eXpose a 
surface of the LOCOS oXide ?lm; (d) forming an interlayer 
insulating ?lm over the active layer and the LOCOS oXide 
?lm; and (e) forming a Wiring layer on the interlayer 
insulating ?lm, and connecting the Wiring layer to the source 
and drain regions via through holes, Which is formed in the 
interlayer insulating ?lm. 
[0041] With this method, the semiconductor device is 
provided With a Wiring layer, Which is formed on the 
interlayer insulating ?lm and is connected to the source and 
drain regions via through holes formed in the interlayer 
insulating ?lm. 

[0042] With this arrangement, the semiconductor device is 
conducted to other circuits, poWer supply etc. through this 
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metal Wiring layer. Further, the metal Wiring layer can be 
formed after the semiconductor substrate having the single 
crystalline Si semiconductor element is bonded to the insu 
lating substrate. 

[0043] On this account, on fabricating the semiconductor 
device having a high-performance integration system by 
forming the non-singlecrystalline Si semiconductor element 
and the singlecrystalline Si semiconductor element on the 
large insulating substrate, the process for making the single 
crystalline Si is simpli?ed. Further, the foregoing arrange 
ment provides a semiconductor substrate and a fabrication 
method thereof, Which ensures device isolation of the 
minute singlecrystalline Si semiconductor element Without 
highly-accurate photolithography, When the singlecrystal 
line Si semiconductor element is transferred onto the large 
insulating substrate. 

[0044] Further, in order to solve the foregoing problems, 
a semiconductor device according to the present invention 
includes an insulating substrate, and a singlecrystalline Si 
semiconductor element formed on the insulating substrate, 
the singlecrystalline Si semiconductor element comprising: 
a gate electrode formed above the insulating substrate; a gate 
insulating ?lm formed on the gate electrode; an active layer, 
Which is formed on the gate insulating ?lm and is made of 
a singlecrystalline Si layer having a channel region, a source 
region, and a drain region; a LOCOS oxide ?lm formed 
around the active layer; a interlayer insulating ?lm formed 
over the active layer and the LOCOS oxide ?lm; an insu 
lating ?lm formed betWeen the insulating substrate and the 
gate electrode; at least one ?rst Wiring layer formed beneath 
the insulating ?lm; and a second Wiring layer, Which is 
formed on the interlayer insulating ?lm and is connected to 
the ?rst Wiring layer. 

[0045] Further, in order to solve the foregoing problems, 
fabrication method of a semiconductor device according to 
the present invention, comprising the steps of: (a) bonding 
a semiconductor substrate, Which Was fabricated by the 
manufacturing method of the semiconductor substrate 
according to the present invention, onto an insulating sub 
strate; (b) dividing the singlecrystalline Si substrate at the 
ion implantation layer by heat treatment so as to detach a 
part of the singlecrystalline Si substrate; (c) etching a part of 
singlecrystalline Si on the insulating substrate so as to 
expose a surface of the LOCOS oxide ?lm; (d) forming an 
interlayer insulating ?lm over the active layer and the 
LOCOS oxide ?lm; and (e) forming a second Wiring layer on 
the interlayer insulating ?lm, and connecting the second 
Wiring layer to the ?rst Wiring layer. 

[0046] On forming the ?rst metal Wiring, it is generally 
required to form a plurality of Wiring layers for efficient use 
of space, in order to increase the integration density of the 
IC. HoWever, this results from difficulty in providing Wiring 
pattern in actual manufacturing due to the small element 
region. 
[0047] In vieW of this problem, the semiconductor device 
of the present invention includes at least one ?rst Wiring 
layer formed beneath the insulating ?lm; and a second 
Wiring layer, Which is formed on the interlayer insulating 
?lm and is connected to the ?rst Wiring layer. 

[0048] On this account, it is possible to use space on the 
rear side of the device area, alloWing ef?cient leading of 
Wiring, thereby increasing integration density. 
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[0049] Additional objects, features, and strengths of the 
present invention Will be made clear by the description 
beloW. Further, the advantages of the present invention Will 
be evident from the folloWing explanation in reference to the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIG. 1 is a cross-sectional vieW illustrating one 
embodiment of a semiconductor substrate according to the 
present invention. 

[0051] FIG. 2 is a cross-sectional vieW illustrating a 
structure of a semiconductor device made of a semiconduc 
tor substrate, provided With a metal Wiring layer. 

[0052] FIG. 3 (a) through 3 (g) are cross-sectional vieWs 
illustrating manufacturing processes of the foregoing semi 
conductor substrate and the semiconductor device. 

[0053] FIGS. 4(a) through 4(e) are cross sectional vieWs 
illustrating manufacturing processes of the semiconductor 
device, these processes are performed after the processes of 
FIG. 3(g). 

[0054] FIG. 5(a) is a plan vieW shoWing a siZe of the 
semiconductor device after the contact hole is formed. FIG. 
5(b) is a plan vieW for comparison, shoWing a siZe of a 
conventional semiconductor device after the contact hole is 
formed. 

[0055] FIG. 6 is a cross sectional vieW illustrating a 
semiconductor device in Which a singlecrystalline Si semi 
conductor element and a non-singlecrystalline Si semicon 
ductor element coexist on the insulating substrate. 

[0056] FIG. 7 is a plan vieW illustrating a display section 
With the pixels having sWitching transistors formed from a 
non-crystalline Si semiconductor element, and a display 
device including a processing circuit including a transistor 
formed from a singlecrystalline Si semiconductor device. 

[0057] FIG. 8 is a cross-sectional vieW illustrating a 
structure of a semiconductor device, according to another 
embodiment of the present invention. 

[0058] FIGS. 9(a) through 9(g) are cross-sectional vieWs 
illustrating manufacturing processes of the foregoing semi 
conductor substrate and the semiconductor device. 

[0059] FIGS. 10(a) through 10(e) are cross sectional 
vieWs illustrating manufacturing processes of the semicon 
ductor device, these processes are performed after the pro 
cesses of FIG. 9(g). 

[0060] FIG. 11 is a cross-sectional vieW illustrating a 
semiconductor device, Which is a modi?cation of the semi 
conductor device of FIG. 8. 

[0061] FIGS. 12(a) through 12(i) are cross sectional vieWs 
illustrating manufacturing processes of a semiconductor 
device. 

[0062] FIG. 13 is a cross-sectional vieW illustrating a 
conventional semiconductor device of a Well-structure. 

DESCRIPTION OF THE EMBODIMENTS 

Referential Embodiment 

[0063] Before the explanation of the present embodiment, 
the folloWing describes a technology suggested in an unpub 
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lished patent application, Which is made by the same inven 
tor prior to the present invention, aimed at solving the 
conventional problems. 

[0064] First, the conventional problems are summarized 
beloW. 

[0065] In a SOI (Silicon On Insulator) structure, since the 
devices are formed on a silicon (Si) Wafer, the total siZe of 
all devices to be provided thereon needs to fall Within the 
silicon (Si) Wafer. HoWever, the siZe of silicon (Si) Wafer is 
limited, and may be smaller than a large glass substrate. 

[0066] Moreover, since a singlecrystalline Si device 
formed on the silicon (Si) Wafer is bonded onto a glass 
substrate With an adhesive of, for example, an epoxy resin, 
there are serious dif?culties to additionally performing a 
defect recovery thermal process (Annealing process), an 
inter-layer insulating ?lm forming process, or a metal 
Wiring forming process, after the bonding. Therefore, there 
is a serious dif?culty in connecting betWeen the device 
formed in advance on a large glass substrate, and a single 
crystalline Si device transferred onto the glass substrate, 
using mutual Wiring. 

[0067] Further, this method is complicated, as it ?rst forms 
an operation region on a solid phase epitaxial ?lm, Which 
region is a singlecrystalline layer of a thin ?lm groWn on a 
silicon dioxide (SiO2) to become a singlecrystalline Si 
device, and then the silicon dioxide (SiO2) is divided by 
etching. Therefore, this method arises a problem of decrease 
in yield (transfer process, division/retention of thin ?lm, 
epitaxial groWth). 

[0068] In vieW of this problem, as shoWn in FIGS. 12(a) 
through 12(c), the inventors, and other researches concern 
ing the invention made a fabrication method of a semicon 
ductor device, Which is detailed beloW. First, the main 
process for creating a transistor is performed by forming a 
gate electrode 83, an impurity doped portion 84, and a gate 
insulating ?lm 82 on a singlecrystalline Si substrate 81 
through micro-fabrication. Next, hydrogen ion of a prede 
termined concentration is implanted into the substrate With 
a predetermined depth so as to form an ion implantation 
section 85. An oxide ?lm 86 is formed on the surface and is 
then ?attened by CMP (Chemical Mechanical Polishing). 
Then, the singlecrystalline Si substrate 81 is cut into a 
predetermined-shape, and is brought into contact With a 
glass substrate 88, Which is thereon provided With a SiO2 
?lm 87 by a plasma CVD using TEOS (Si (OC2H5)4: Tetra 
Ethyl Ortho Silicate) and having been activated by an SCl 
cleaning solution or the like, so that the singlecrystalline Si 
substrate 81 and the glass substrate 88 are bonded. 

[0069] Next, the tWo mated substrates are heated to groW 
a Platelet, Which contains hydrogen gas, in the hydrogen ion 
implantation section 85, the Platelet is then separated as a 
thin ?lm of a singlecrystalline Si device 90. As a result, as 
shoWn in FIGS. 12(a) through 12(i), the singlecrystalline Si 
device 90 and a non-singlecrystalline Si TFT 91 coexist. 

[0070] With this structure, this invention provides means 
to solve the conventional siZe restriction depending on the 
siZe of Si Wafer. 

[0071] Further, since this method also alloWs omission of 
the step of forming a solid phase epitaxial ?lm on the silicon 
dioxide (SiO2), it is also possible to solve the defects of 
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increase in time of fabrication, complication of fabrication 
and a decrease in yield (transfer process, division/retention 
of thin ?lm, epitaxial groWth) arisen in the conventional 
method, Which ?rst forms an operation region on a solid 
phase epitaxial ?lm, Which is a singlecrystalline layer of a 
thin ?lm groWn on a silicon dioxide (SiO2) to become a 
singlecrystalline Si device, and then divides the silicon 
dioxide (SiO2) by etching. 

[0072] HoWever, to realiZe high-density integration of the 
singlecrystalline thin ?lm transistor Si While ensuring suf 
?ciently high performance, there are some more problems 
yet to be overcome as detailed beloW. 

[0073] Speci?cally, to form a singlecrystalline Si device 
on a large glass substrate, it is necessary to perform device 
isolation; hoWever, the etching of the singlecrystalline Si 
into an island-shape described in the foregoing method is 
practically impossible due to restriction of photolithography 
With a large glass substrate. 

[0074] Further, When the singlecrystalline Si is eventually 
transferred onto an insulating substrate such as a glass 
substrate so as to form a device, the singlecrystalline Si 
becomes a thin ?lm. Therefore, it is not necessary to create 
a complex Well structure or to perform doping process for 
making, channel stop etc., Which are required for a general 
bulk singlecrystalline Si LSI; hoWever, there still are prob 
lems regarding device isolation, recovery of surface damage 
after creating a thin ?lm, solution for realiZing the short 
channel. Thus, it is necessary to create a neW fabrication 
method or a neW device structure to solve those problems. 

[0075] Further, there is another method in Which hydrogen 
ion or the like is implanted into a portion of a Si substrate 
on Which a part of the singlecrystalline Si device is formed, 
and the singlecrystalline Si device is cut into a thin ?lm by 
being divided at the ion implantation portion. In addition to 
the above-mentioned problem, this method further has inad 
equacies in device isolation (defective Si island’s end in 
island etching) and reduction in stress leakage current. 

[0076] The folloWing describes the embodiments of the 
present invention Which overcome the problems above. 

First Embodiment 

[0077] One embodiment of the present invention is 
described beloW With reference to FIGS. 1 through 7. 

[0078] Note that, the semiconductor substrate and the 
semiconductor device according to the present embodiment 
provide improved performance and improved functionality 
on account of a structure in Which a MOS non-singlecrys 
talline Si thin ?lm transistor and a MOS singlecrystalline Si 
thin ?lm transistor are formed in different regions of an 
insulating substrate, such as a glass substrate. This semi 
conductor device is to be mounted to an active matrix 

substrate using TFTs (Thin Film Transistor). 

[0079] The MOS thin ?lm transistor is a general transistor 
comprising an active layer, a gate electrode, a gate insulating 
?lm, and a high concentration impurity doped portion 
(source/drain electrodes) formed on each side of the gate, 
Wherein the gate electrode controls the carrier density of the 
semiconductor layer under the gate, so as to control a How 
of source-drain current. 
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[0080] As one of the characteristics, the MOS transistor, 
When arranged as a CMOS (Complementary MOS) struc 
ture, consumes less power, and produces full output accord 
ing to the poWer voltage. With this advantage, the MOS 
transistor is suitable for a loW poWer consumption logic 
device. The present embodiment assumes a CMOS 
(Complementary MOS), but only one MOS (Metal Oxide 
Semiconductor) is illustrated in the accompanied ?gures. 

[0081] As shoWn in FIG. 1, the semiconductor substrate 
10 according to the present embodiment includes a single 
crystalline silicon (Si) Wafer (Singlecrystalline Si Wafer, 
hereinafter) 8 Which is provided as a singlecrystalline Si 
substrate including neither Well-structure nor channel stop 
structure; a gate insulating ?lm 3 formed on the singlecrys 
talline Si Wafer 8; a gate electrode 2 formed on the gate 
insulating ?lm 3; and a LOCOS (Local Oxidation of Silicon: 
Selective Oxidation) oxide ?lm 7; and a planariZation insu 
lating ?lm 1 formed as an insulating ?lm over the LOCOS 
oxide ?lm 7 and the gate electrode 2. The singlecrystalline 
silicon Wafer 8 includes an active layer 6 Which has a 
channel region 17, and source/drain regions 4 and 5. The 
LOCOS oxide ?lm 7 is formed on the singlecrystalline Si 
Wafer 8 around the active layer 6, and has a thickness greater 
than the gate insulating ?lm 3. 

[0082] Further, for threshold control, the active layer 6 has 
N+ or P+ impurity implantation portion, Where the source 
region 4 and the drain region 5 are formed. These impurity 
portions are formed in a device area in Which a shalloW 
reverse-conductive impurity is doped. 

[0083] More speci?cally, in the semiconductor substrate 
10 according to the present embodiment, the singlecrystal 
line Si Wafer 8 is provided With a LDD (Lightly Doped 
Drain) structure (4a/5a), or implantation (doping) of either 
Pocket or Halo as a solution for realiZing the short channel. 
HoWever, aside from these implantations, there is no more 
ion implantations is required, such as implantation for Well 
structure or channel stop; also, the Well contact is not made. 

[0084] The oxide ?lm 1, With a ?at surface, is formed of 
a silicon dioxide (SiO2) ?lm, a phosphorous silicate glass 
(PSG) ?lm or a borophospho-silicate glass (BPSG) ?lm, for 
example. Further, in a general LSI, the LOCOS ?lm is 
provided as one of the means for device isolation. The 
LOCOS ?lm is usually formed as a thick thermal oxide ?lm 
(?eld oxide ?lm) around the active layer 6 so as to function 
as a thick insulating ?lm for the gate electrode running 
across the ?eld section, thereby increasing the threshold 
voltage of a parasitic transistor generated in the portion. In 
this Way, the LOCOS ?lm serves to isolate elements into 
separate areas, thus ensuring device isolation. 

[0085] In the present embodiment, the thickness of the 
LOCOS oxide ?lm 7 ranges approximately from 30 nm to 
200 nm. More speci?cally, compared With a conventional 
MOSLSI (Large Scale Integrated Circuit) using an oxide 
?lm Whose thickness is approximately 500 nm (at least 300 
nm) or greater, the LOCOS ?lm of the present embodiment, 
to be groWn to a ?eld region 16, has a 1/2 or 1/10 thickness, i.e., 
approximately 30 nm to 200 nm. This thickness in the 
present embodiment relies on the fact that the portion of the 
parasitic transistor is removed from the Si ?lm, that is, there 
Will be no parasitic transistor generated in this structure. 

[0086] This structure alloWs creation of a thin ?lm device, 
Which can coexist With a non-singlecrystalline Si on the 
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insulating substrate such as a large glass substrate. This 
structure also achieves great reduction in time for oxidiZa 
tion, besides the oxidiZation can be carried out not in a Wet 
method but in a dry method at a practically satisfactory 
level. Particularly, since the stress due to oxidiZation in the 
edge of the oxide ?lm is greatly reduced, the characteristics 
of the transistor become stable. Further, the thin oxide ?lm 
helps reduction of Bird’s Beak, thus providing a minute 
device area in the transistor With high accuracy. 

[0087] Further, in the semiconductor substrate 10 accord 
ing to the present embodiment, as shoWn in the ?gure, an ion 
implantation layer 9 is formed on the singlecrystalline Si 
Wafer 8 With a predetermined depth, inside the active layer 
6. This ion implantation layer 9 is formed by implanting 
either or both of hydrogen ion and inactive element ion such 
as helium (He) ion, having a predetermined concentration. 
With this arrangement, as described later, a part of the 
singlecrystalline Si Wafer 8 can be removed through the ion 
implantation layer 9. 

[0088] MeanWhile, in the present embodiment, the semi 
conductor substrate 10 may include at least one metal Wiring 
layer, as shoWn in FIG. 2. 

[0089] Speci?cally, this semiconductor substrate 10 
includes a gate electrode 2 formed on the planariZation 
insulating ?lm 1; a gate insulating ?lm 3 formed on the gate 
electrode 2, an active layer 6 not containing a Well-structure, 
formed on the gate insulating ?lm 3; a LOCOS oxide ?lm 7; 
a protective-insulating-interlayer ?lm 21 formed over the 
active layer 6 and the LOCOS oxide ?lm 7; and metal Wiring 
layers 23 formed on the surface of the protective-insulating 
interlayer ?lm 21. The active layer 6 is made of a single 
crystalline Si having impurity implantation portions of N+ 
or P+, Which are to be the source/drain regions 4/5. These 
impurity portions are formed in the element-forming-region 
in Which a shalloW reverse-conductive impurity is doped. 
The LOCOS oxide ?lm 7 is formed around the active layer 
6. The metal Wiring layers 23 are connected to the source 
and drain regions 4 and 5, respectively, through contact 
holes 22 Which are formed on the protective-insulating 
interlayer ?lm 21 to establish conduction. 

[0090] Further, as shoWn in FIG. 2, the semiconductor 
device 30 of the present embodiment is formed by bonding 
the semiconductor substrate 10 onto an insulating substrate 
25. More speci?cally, as shoWn in the ?gure, in the semi 
conductor device 30, a semiconductor device 10 is formed 
on the insulating substrate 25 through a silicon dioxide ?lm 
(SiO2) 26 Which is formed by plasma CVD using TEOS 
(Si(OC2H5)4:Tetra Ethyl Ortho Silicate). 
[0091] With reference to FIGS. 3(a) through 3(g), and 
FIGS. 4(a) through 4(e), the folloWing explains a fabrication 
method of the semiconductor substrate 10 and the semicon 
ductor device 30. 

[0092] First, as shoWn in FIG. 3(a), a singlecrystalline Si 
Wafer 8 made of a singlecrystalline silicon (Si) is prepared, 
and its surface is subjected to oxidiZation so as to form a thin 
silicon dioxide (SiO2) ?lm 11 With a thickness of about 30 
nm. Next, a silicon nitride (SiN) ?lm 12 is deposited over the 
silicon dioxide (SiO2) 11 by plasma CVD (Chemical Vapor 
deposition), and then, the silicon nitride (SiN) ?lm 12 is 
removed by etching except for the device area. 

[0093] Next, as shoWn in FIG. 3(b), by using the silicon 
nitride (SiN) 12 as a mask, and using an oxide ?lm With a 
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thickness of about 120 nm made of a silicon dioxide (SiO2) 
as a ?eld oxide ?lm, a LOCOS oxide ?lm 7 is grown by dry 
oxidiZation. 

[0094] Next, as shoWn in FIG. 3(a), the silicon nitride 
(SiN) ?lm 12 is removed by etching, and boron (B) and 
phosphorous (P) are implanted in the device area 13 sur 
rounded by the LOCOS oxide ?lm 7, Which is a ?eld oxide 
?lm, for adjustment of the threshold voltage in the N/P 
channel regions; and then, the silicon dioxide (SiO2) ?lm 11 
is removed. More speci?cally, in the device area 13, implan 
tation of boron (B) ion creates a P-region, Where, as 
described later, arsenic ion is further implanted to form 
the source and drain regions 4 and 5 to form a N-type MOS 
transistor. On the other hand, by implanting phosphorous 
(As) ion to the device area 13, and further implanting boron 
di?uoride (BF2) ion to form the source and drain regions 4 
and 5, a P-type MOS transistor is formed. Further, in the 
present embodiment, the N-type MOS transistor and the 
P-type MOS transistor are formed at the same time, to be a 
CMOS transistor. The region having the channel region (the 
region beneath the gate electrode 2), the source region 4, and 
the drain region 5 becomes the active layer 6. Further, an 
impurity ion is implanted in the channel region beneath the 
gate electrode 2, so as to adjust the threshold voltage. 

[0095] Thereafter, as shoWn in FIG. 3(a), a 15 nm thick 
silicon dioxide (SiO2) is deposited by dry oxidiZation to 
form the gate insulating ?lm 3. 

[0096] Next, as shoWn in FIG. 3(e), a polycrystalline 
silicon (Si) (Poly-Si, hereinafter) or the like is formed on the 
gate insulating ?lm 3, With a thickness of about 300 nm, 
then, phosphorous oxychloride (POC13: not shoWn) is 
deposited thereon, and heated at 850° C. for diffusion. The 
product is patterned to form the gate electrode 2, and boron 
(B) or phosphorous (P) is implanted to form the LDD 
structures 4a and 5a. Further, a silicon dioxide (SiO2) of 
about 300 nm is deposited thereon, Which is then etched 
back by reaction ion etching (RIE) to form the side Walls 15. 

[0097] Next, arsenic ion or boron ?uorine (BF2) ion 
is implanted to form the source and drain regions, folloWed 
by activation annealing at about 900° C., thereby forming 
the source region 4 and the drain region 5. Next, a silicon 
dioxide (SiO2) With a thickness of about 100 nm is deposited 
by APCVD (Atmospheric Pressure CVD), and a silicon 
dioxide (SiO2) With a thickness of about 400 nm is further 
deposited by PECVD (Plasma Enhanced CVD) using 
TEOS, Which is then polished by CMP (Chemical Mechani 
cal Polishing) for about 100 nm to ?atten the surface, 
thereby forming a planariZation insulating ?lm 1. 

[0098] Next, as shoWn in FIG. 3(1‘), hydrogen ion or 
the like is implanted into the singlecrystalline Si Wafer 8 
through the planariZation insulating ?lm 1. Here, hydrogen 
(H) ion With a dose of 5 .5><101° cm'2 is implanted in the ion 
implantation layer 9 at 100 keV. Note that, the hydrogen 
ion is not limited to this, but may be helium (He) ion or the 
like. Further, in the present embodiment, the poWer for 
implantation is adjusted so that the resulting ion implanta 
tion layer 9 formed in the active layer 6 of singlecrystalline 
Si extends into the Si crystal beneath the LOCOS oxide ?lm 
7. 

[0099] Thereafter, as shoWn in FIG. 3(g), the substrate 
turned upside doWn, and is subjected to Washing and surface 
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activation together With another insulating substrate 25 on 
Which a silicon dioxide (SiO2) With a thickness of about 100 
nm is formed by a plasma CVD using TEOS and oxygen 
gas. The Washing and surface activation is performed by 
megasonic shoWer of a mixture liquid (SCI liquid) of 
ammonia Water, hydrogen peroxide solution and pure Water. 
After cleaning and surface activation, the substrate 10 is 
bonded to the insulating substrate 25 in accordance With the 
marker (not shoWn) on the planariZation insulating ?lm 1, as 
shoWn in FIG. 4(a). Here, the insulating substrate 25 is 
bonded because of the planariZation insulating ?lm 1, Van 
der Waals force and hydrogen bond. Note that, instead of the 
SCI cleaning, the surface may be activated by being exposed 
in oxygen plasma atmosphere. Further, in FIG. 3(g), the 
insulating substrate 25 has the same siZe as the semicon 
ductor substrate 10, but it may be a larger glass substrate 
Whose area corresponds to a large number of semiconductor 
substrates 10. Note that, in the present embodiment, the 
insulating substrate 25 is made of a glass, for example, “code 
1737”, a product of Corning (alkali-earth alumino-boro 
sillicated glass). 

[0100] Next, the combined body is subjected to annealing 
at about 250° C. for tWo hours to ensure the bonding. 
Thereafter, through heat treatment at about 600° C. for three 
minutes, the body is cleaved at the ion implantation layer 
(projection range of ion implantation) 9 so as to separate the 
singlecrystalline Si Wafer 8, as shoWn in FIG. 4(b). 

[0101] Next, as shoWn in FIG. 4(c), a silicon dioxide 
(SiO2) With a thickness of about 100 nm is deposited on the 
divided surface by plasma CVD, and is etched back by 
reaction ion etching (RIE). At this stage, ?rst, mixture gas of 
carbon?uoride (CF4) and hydrogen is used. After etching is 
done for about 100 nm, the mixture gas is replaced With 
another mixture gas of carbon-?uorine (CF4) and oxygen, 
and the reaction ion etching is continued. The etching is 
stopped When the singlecrystalline Si ?lm is all removed 
from the LOCOS oxide ?lm 7 as the ?led oxide ?lm. Here, 
as it is dif?cult to monitor the termination of etching, the 
etching is stopped after a certain time elapsed, Which time 
Was decided in advance based on the etching rate. 

[0102] Thereafter, as shoWn in FIG. 4(a'), the surface is 
lightly etched With buffered hydrogen ?uoride (HF), and the 
substrate is heated to 380° C. Then a silicon dioxide (SiO2) 
of about 400 nm is deposited by PECVD using TEOS to 
form a protective-insulating-interlayer ?lm 21. 

[0103] Next, as shoWn in FIG. 4(e), the contact holes 22 
are created on the protective-insulating-interlayer ?lm 21, 
and a material for metal Wiring is deposited therein to form 
the metal Wiring layers 23. This embodiment uses Ti/TiN/ 
Al—Si/TiN/Ti, Whose total thickness is about 400 nm. Then, 
the material is patterned into a predetermined shape. Con 
sequently, as shoWn in FIG. 2, a semiconductor device 30 
including many singlecrystalline Si TFTs is formed on the 
insulating substrate 25. 

[0104] The CMOS inverter, as the basic circuit element of 
the semiconductor device thus fabricated is shoWn in FIG. 
5(a). As can be seen in the ?gure, this CMOS inverter has 
a lot smaller area than the conventional CMOS inverter 
shoWn in FIG. 5(b). 

[0105] As explained, the semiconductor substrate 10 of 
the present embodiment is a singlecrystalline Si MOS tran 
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sistor formed on a device area surrounded by a thin ?eld 
oxide ?lm. Because of the omission of Well structure, the 
con?guration becomes simple, thereby achieving an 
increase in yield and a decrease in cost. Though this semi 
conductor substrate does not operate alone, it ensures high 
performance When transferred onto the insulating substrate 
25, Which is made of a different glass substrate or the like. 
Further, the semiconductor device 30 includes a SiO2 ?lm, 
a MOS non-singlecrystalline Si thin ?lm transistor including 
a non-singlecrystalline Si thin ?lm made of a polycrystalline 
Si, a MOS singlecrystalline Si thin ?lm transistor including 
a singlecrystalline Si thin ?lm, and metal Wiring. 

[0106] Further, in the present embodiment, a thin ?lm 
device, Which can coexist With a non-singlecrystalline Si, is 
transferred onto, for example, a large glass substrate in the 
folloWing manner. First, boron ion or phosphorous ion With 
a predetermined concentration is implanted in an area, Which 
is surrounded by the ?eld oxide ?lm and becomes either a 
n-channel area or a p-channel area, so as to adjust the 
threshold voltage. Then, the gate insulating ?lm 3, and the 
gate electrode 2 are formed, and if necessary, LDD, HALO 
or Pocket implantation is carried out. Further, N+ or P+ is 
implanted to form the source/drain regions 4/5, and a 
planariZation ?lm is formed. Hydrogen ion or He ion With a 
predetermined concentration is implanted alone or together 
With He, Ne or the like to a predetermined depth. The 
substrate is then cut into a predetermined shape, and the 
surface is activated by oxygen plasma, hydrogen peroxide 
solution, or RCA1 cleaning solution (SC1). The substrate is 
then closely brought into contact With an insulating substrate 
25 on Which a part or the Whole non-singlecrystalline Si TFT 
is formed, folloWed by bonding and heat treatment. As a 
result, the bulk singlecrystalline Si portion is cleaved at the 
ion implantation layer 9 to become a thin ?lm. 

[0107] Next, the surface of the singlecrystalline Si is 
etched back by RIE (reactive ion etching) to shape the 
substrate into a thin ?lm, and the etching is continued until 
the Si ?lm is all removed from the LOCOS oxide ?lm 7. In 
this manner, it is possible to create the minute transistor 
region Without accurate positioning, thereby ensuring device 
isolation. 

[0108] Note that, by forming a silicon dioxide (SiO2) ?lm 
on the thin ?lm of the singlecrystalline Si, thus created 
through the cleavage, through PECVD using TEOS or the 
like, and etching back the ?lm by etchant gas, Which has a 
composition (e.g., CF4 and hydrogen) alloWing to the Whole 
?lm, including the deposited oxide ?lm and the singlecrys 
talline Si ?lm, to have a predetermined thickness, the surface 
of the ?lm is ?attened and the leak current is reduced in the 
resulting device. 
[0109] This process alloWs omission of Well-structure, ion 
implantation for channel stop or the like, Well contact region 
etc., Which are required in a common MOSLSI, thus alloW 
ing great simpli?cation in space and process. 

[0110] Consequently, the thickness of the singlecrystalline 
Si thin ?lm becomes substantially 1/2 of the Whole thickness 
of the Si oxide ?lm (LOLOS oxide ?lm 7) formed around 
the active layer 6, so that the pattern edge of the singlecrys 
talline Si thin ?lm almost matches With the inclination of the 
pattern edge of the Si oxide ?lm around the active layer 6. 
With this con?guration, device isolation is ensured, thereby 
reducing leak current due to defective edge of Si island and 
stress in the conventional island etching. 

Nov. 3, 2005 

[0111] Further, the protective-insulating-interlayer ?lm 21 
is deposited thereon, the contact holes 22 are further formed 
therein, and the metal Wiring layer 23 is formed. The device 
is here completed. 

[0112] Here, the protective-insulating-interlayer ?lm 21 is 
made of a protection insulating ?lm and an interlayer 
insulating ?lm, Which may be formed of the same material 
as long as their function and characteristics are ensured. 

[0113] Further, after implantation of hydrogen ion etc., 
conduction With source and drain is established by metal 
Wiring, Which is formed of a metal With a high melting point, 
and is not easily oxidiZed; then, a planariZation ?lm is 
deposited thereon, Whose surface is ?attened by CMP or the 
like to make an appropriate condition for combining With the 
insulating substrate 25, before bonded to the insulating 
substrate 25, and the bulk Si is cleaved through heat treat 
ment. In this manner, it is possible to realiZe both miniatur 
iZation and higher integration density. 

[0114] As described, in the semiconductor substrate 10 
and the semiconductor device 30 and the fabrication meth 
ods of those according to the present embodiment, there is 
provided an active layer 6 having a channel region 17, a 
source region 4, and a drain region 5; and a singlecrystalline 
Si Wafer 8 including at least a part of a device structure not 
containing a Well-structure or a channel stop region is used. 

[0115] With this arrangement using a singlecrystalline Si, 
the resulting semiconductor device is superior in perfor 
mance and less varied in characteristic. 

[0116] Further, in the present embodiment not providing a 
conventional Well, a channel stop, or a Well-contact, the area 
of the device area 13 is reduced, alloWing more dense 
integration, thereby realiZing a highly-dense semiconductor 
substrate 10. Further, since the conventional Well is omitted, 
the transistor may be made thinner than the conventional 
structure using a Well. Thus, the semiconductor element can 
be made as a thin ?lm Which can coexist With the TFTs 
formed from other polycrystalline Si upon formation of the 
semiconductor device 30, alloWing conduction betWeen the 
semiconductor element and TFTs through common thin ?lm 
Wiring. Further, since the element is made as a thin ?lm, it 
is possible to ensure the device isolation of the minute 
singlecrystalline Si device even on the insulating substrate 
25, such as a large glass substrate, Without highly-accurate 
photolithography. Further, since the Well is omitted, the 
fabrication process is simpli?ed. 

[0117] Further, in the present embodiment, the LOCOS 
oxide ?lm 7, thicker than the gate insulating ?lm 3, is 
formed by surrounding the active layer 6. This LOCOS 
oxide ?lm 7 securely ensures the device isolation. 

[0118] On this account, on fabricating the semiconductor 
device 30 having a high-performance integration system by 
forming the non-singlecrystalline Si semiconductor element 
and the singlecrystalline Si semiconductor element on the 
large insulating substrate 25, the process for making the 
singlecrystalline Si is simpli?ed. Further, the foregoing 
arrangement provides a semiconductor substrate and a fab 
rication method thereof, Which ensures device isolation of 
the minute singlecrystalline Si semiconductor element With 
out highly-accurate photolithography, When the singlecrys 
talline Si semiconductor element is transferred onto the large 
insulating substrate 25. Note that, though the present 




















